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1.  Scientific  Work  Done  During  the  Reporting  Period 


In  order  to  understand  the  basic  nature  of  cooperative  effects  between  dif¬ 
ferent  atoms  we  have  treated  during  this  period  the  cooperative  effects 
between  two  atoms  interacting  one  with  another  via  the  vacuum  field  and 
under  the  influence  of  applied  coherent  electro-i&agnetic  field.  We  have 
studied  the  problem  of  resonance  fluorescence  from  two  two-level  atoms 
and  have  developed  a  new  treatment  to  this  problem  by  using  the  methods 
of  Stenholm  and  Baklanov,  which  have  been  used  previously  only  for  one 
atom.  We  have  given  the  full  and  maximally  simplified  equations  so  that 
anybody  who  is  interested  in  the  two  atom  resonance  fluorescence  spectra 
can  calculate  it  by  the  use  of  a  computer  for  any  specific  case.  For  the  spe¬ 
cial  case  of  two  two-level  atoms  within  a  distance  smaller  than  a  wavelength 
and  for  a  strong  external  field  analytical  results  have  been  developed. 

It  has  been  predicted  in  previous  works  by  other  investigators  that  the 
spectrum  of  cooperative  systems  would  consist  not  only  of  the  usual  peaks, 
but  also  of  additional  sidebands  at  the  harmonics  of  the  Rabi  frequency. 
In  the  present  study,  we  have  found  that  although  these  additional  side¬ 
bands  exist  in  the  spectra,  they  become  extremely  weak  for  strong  external 
field.  The  equations  developed  by  us  enable  one  to  calculate  further  the 


dependence  of  the  resonance  fluorescence  spectra  on  the  strength  of  the 
external  field.  The  physical  effects  in  cooperative  resonance  fluorescence 


are  very  similar  to  those  of  intrinsic  bistability  as  both  phenomena  are  re¬ 
lated  to  coherent  dipole-dipole  interactions.  In  intrinsic  bistability  a  firsti3Sl°n  For 
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order  phase  transition  between  a  cooperative  and  a  non-cooperative  be¬ 
haviour  appears  as  a  function  of  the  intensity  of  the  external  field.  We 
intend  to  use  our  equations  for  studying  analogous  effects  in  the  resonance 
fluorescence  spectra. 

The  Langevin  equations  for  intrinsic  bistability,  which  had  been  derived 
in  previous  works,  were  based  on  complete  factorization  of  the  dipole  opera¬ 
tors.  We  have  introduced  a  partial  factorization,  by  which  the  expectation 
values  are  factorized  only  relatively  to  the  atoms.  The  deviation  from 
complete  factorization  is  then  due  to  the  Langevin  noise  terms.  We  have 
started  to  study  the  effects  of  the  noise  terms  on  the  phenomenon  of  in¬ 
trinsic  bistability.  We  have  simplified  the  quantum  statistical  treatment  of 
the  intrinsic  bistability  for  the  case  where  the  dephasing  constant  is  much 
larger  than  the  relaxation  constant.  For  this  case  the  expectation  values 
for  the  complex  dipole  operators  are  adiabatically  eliminated.  We  have 
obtained  by  this  approximation  a  one-dimensional  Ito  differential  equation 
for  the  inversion  of  population  and  we  are  now  studying  further  the  meth¬ 
ods  for  solving  this  equation. 

2.  During  the  first  year  of  the  contract,  we  intend  to  develop  and  solve 
the  equations  for  intrinsic  bistability  taking  into  account  the  effects  of  the 
Langevin  noise  terms. 

We  will  continue  also  our  study  of  the  resonance  fluorescence  spectra  of 
two  two-level  atoms. 


In  the  second  year,  we  will  continue  the  study  of  quantum  and  classical 

fluctuations  in  intrinsic  bistability  by  numerical  simulations  as  described  in 
the  contract. 


